
6f_LtDL/O0
+eTOUO

f_6L_L-_8_

_:7_":::':.>_
14".<(:):::_:-_+,_,

_.:_+"i.,,i_:.; ?C>.:-';"

L

y

ii!i'

!5+_:

i).

i.i di.

%]

iiJ

i!

i

.i:

i:

_iiii!i̧̧



q

1:4

i!3

•/!_i:i!

4i

%'a

:/ii_

i{i:_

SNIZA- 03-S(301 g

APOLLO OP ERA _1 J.ONS I IANDBOOI<

NOTE: The lmrtion of the text affected by tile current changes is

indicated by a vertical line in the outer margins of the p_ge.
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TOTAL NUMBER OF PAGES IN TIqIS PUBLICATION IS 6 ..

CONSISTING OF THE FOLLOWING: ,i t "' \ /

Page Pagei'

Title

A thru E

i th ru xii

1-i thru I-ZO

2-i thru 2-2

2. l-I thru Z. I-i0

Z. 2-1 thru 2. 2-48

Z. 3-1 thru 2.3-72

Z.4-1 thru 2.4-38

2.5-I thru 2.5-44

Z.6-1 thru 2.6-48

2.7-I thru Z. 7- 48

Z.8-I thru 2.8-70

Z. 9-1 thru 2.9-38

Z. 10-1 thru 2.10-10

2. 11-.i thru 2.11-6

3-1 thru 3-21.2

4-i thru 4-50

5-1 thru 5-Z0

6-i thru 6-52

7-1 thru 7-2

8-I thru 8-2

A-I thru A-6

CHANGE INFORMATION

This handbook is subject to continuous qhang¢ or revision, on a priority

basis, to reflect current engineering or mission changes, or to improve content

or arrangement. The content and the changes are accounted for by the above

last of Effective Pages, and by the following means:

Record of Publication: The publication date of each basic issue and each change

issue is listed on page I3 as a record of all editions.

Page Change Date: Each page in this handbook has space for entering a change

date. The latest publication date will be entered in this space each time a page

is changed from the basic issue.

'*]he aiterisk indicates pages char_ged, added, or deleted by the current change,

Manuals will be distributed as directed by the NASA Apol!o Program Office. All requests for

manuals should be directed to the NASA Apollo Spacecraft Program Office at HoustoG Texas.
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R_2COI{D Ot;' PUBLICATION

This issue of the Apollo Operations Handbook,

Spacecraft 01Z, dated 1Z November 1966, constitutes

a revJ. sion of the handbook, dated !6 September 1966.

Subsequent changes may be issued to maintain infor-

mation current with spacecraft configuration throt.gh

completion of the mission. This record will reflect

the publication date of any reieased changes.
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LATE TE2CHNICAL CHANGES

The items listed below represent technical changes which have been approved too

late for inclusion in the 12 November 1966 printing of the Apollo Operations' Handbook.

Source

MCR

A1735

MCR

1591

J{EV 3.

FEO

M-.53025

(10-13-66)

MCR

A1733

(i0-11-66)

Description of Change Section Affected '

2.5
Change S/M RCS fuel from blendedhydrazine

mixture to monomethylhydrazine

Addition of inverter synchronizer power panel

which provides circuit breakers for the control

of power to the phase synchronizer unit.

This is a nomenclature correction for the

S-Band switch on the MDC panels No. 13, Z3

and 26. This change is required due to wiring

changes. The S-Band switch was marked

"PTT", "OFF" and "VOX". The switch is

now marked "OFF 'f , "OFF" and"T/R".

Modification of Crew Couch Lockouts. This

MCR removes the lockout solenoid actuator

and wire harncss from the X--X a-:is strut

lockout mechanism. Add an adapter to the

lockout mechanism assembly to fix in the

locked position. The switch on panel No. 9

and the wire harness assembly on the struts

will be removed.

2,3

2. 8 and 3

1,2,3
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SYNOPSIS OF SiGNIF!C-kNT CHANGES

This tabulation does not list all changes, additions, and/or deletions in the handbook.

Its purpose is to assist the reader in determining the significant technical changes in each

_.,X/SiC ITl.

PART I. TECHNICAL CHANGES

I land boo k

Se c ti o n( s )

Affected Description

Updated loci<out mec'hanisms on shock struts.

Updated forward hatch cover.

o

Revised I_CSC circuit diagran_ to include entry battery

backup power to pyro bus.

HZ purge line heater

Fuel cell H 2 and ()Z reactant shutoff valves holding

voltage control

Cryogenic system response and operation

Revised, updated, and assembled end-to-end circuit

and system diagrams. Added electrical power distrib-

ution diagrams and power requirements. Added

operating ranges and panel references to measurement

lists.

Added tabular data for color markings contained on

indicator displays and updated art.

Added typical charts from MMDB to determine S/C

consumable data.

Added data on S/C attitude controls.

Updated SPS ]Delta V and Engine Gimbal Angle charts.

Handbook

System( s )

Affected

GEN

GEN

SEQ

EPS.

EPS

EPS

PROP

SPS, EPS

and ECS

RCS, SPS

and EPS

RCS

SPS

h_: .... : '-. F,asic D:_te 12 Nov !966 Clmn,z-' !)at< P;_ge in-
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FOREWORD

This handbook and its contents are restricted to the require-

ments for Spacecraft 01Z. It presents, in one document, descriptions

of the spacecraft systems and equipment, and listings of the flight

crew operational procedures necessary for the safe and efficient

function of the spacecraft throughout its planned mission. This

handbook is designed pr{marily for use by the flight crew, and

secondarily for use by the mission flight controllers, flight planners,

and trainer operators.

NASA comments or suggested changes to this handbook should

be addressed to the Flight Planning Section, FCSD, MSC, Office

Code CF 32, Telephone HU3-4Z71.

_{ _ NIission Basic Date 12 Nov 1966 C]_ap_ee Date Page i/ii
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Section

TABLE OF CONTENTS

Title

,GENERAL INFORMATION.

1.1

1.1.1

1.1,Z

1.1.2. i

1.1.Z.Z

1.1.2.3

1 1.2.4

1 1.2,5

t 1.Z.6

1 1.2.7

1 1.2.8

1 1.2.9

1 1.3

1.1.4

1.1.5

1.2

1.Z.1

1.2. Z

!,3

1.4

Spacecraft 012 Configuration

LES Assembly

Command Module

t_orward Compartment

Crew Compartment

S/C Controls and Displays

C/M Mechanical Controls

Crew ]/2quipnqent and Equipment

Food and Water

Waste Management

Survival 1_2quipm ent .

Aft C_mpar tment

Service Module

Spacecraft LEM Adapter

Spacecraft Systems

Launch Vehicle Configuratton

S-1B i%co ster

S-IYB Second Stage

Mission 209A Weight Status

Postlanding and Recovery

SYSTEMS DATA•

Bays

2.1

2o1.1

Z.I.2

2.1.3

2.1.4

2.2

2. Z.I

Z.2. Z

2,2+2. 1

2.2.3

Z.Z.3.1

2. Z.3.2

2.2.3.3

2. Z.4

2.2.5

2.2.5.1

2.2.5.2

Guidance and Control

Systems Interface, Guidance and Control

Coasting Flight

Powered Flight

Atmospheric Flight

Guidance and Navigation Systems (G&N)

Introduction

Functional Description

Operational Modes

Ivlajor Component/Subsystem Description

Inertial Subsystem

Optical Subsystem

Computer Subsystem

Performance and Design Data

Operational Limitations and Restrictions

S/C Attittad e

IMU Operation

• °

Page

1-1

1-1

i -ii

1-4

I-6

I-6

1-6

!-6

1-12

1-15

1-15

1-15

1-15

1-16

1-16

1-16

1 -t6

1-19

1-19

1 -19

1-19

2-'1

2.1-1

2.1-1

2.1-1

2.!-2

Z.1-2

2.2-1

2.2-1

2.2-1

2.2-7

2.2-11

2.2-II

Z.Z-!3

2.2-16

2. Z-40

Z. 2-40

Z. Z-40

Z. 2-41

i '+."
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Section

Z.Z. 5.3

Z.Z.6

Z.Z.7

2.2.8

Z.3

Z.3.1

Z.3. Z

Z.3. Z.1

Z.3.Z.2

Z.3,Z.3

Z.3.3

Z.3.3.1

2.3.3.Z

Z.3.3.3

Z.3.3.4

2,3.4

2.3.4.1

2.3.4.2

Z.3.4.3

Z.3.4.4

2.3.4.5

Z.3.4.6

Z.3.4.7

Z.3.4.8

2.3.4.9

Z.3.4.10

Z.3.4.11

Z.3.5

2.3.6

Z.3.6.1

Z.3,7

Z.4

Z.4.1

Z.4. Z

Z.4.2.1

Z.4. Z.Z

Z.4. Z.3

Z.4. Z.4

Z.4.2.5

2.4. Z. 6

Z.4.2.7

2.4.2.8

2.4.2.9

Z.4. Z. 10

2.4.3

Title

Optics Operation

Telemetry Measurements .

G&N Power Consm-nption

Interface Signals

Stabilization and Control System (SCS}

Introduction

Functional Description

Control Capabilities ..

Apollo Reference Axes

Subsystems

Flight Control Profiles

Ascent

Coasting Flight (Earth Orbital}

Powered Flight (Earth Orbital)

Entry •

Major Component/SubsTstem Description

Rate Gyro Assembly

Attitude Gyro Accelerometer Assembly

Pitch, Roll, and Yaw Electronic Control

Assemblies

Auxiliary Electronic Control Assembly

Display and Attitude Gyro Accelerometer Assembly

Electronic Control Assembly

Rotation Controls

Translation Controls

Flight Director Atti.tude Ind'_cator

Attitude Set/Gimbal Position Indicator

Velocity Change Indicator

Electrical Power Distribution

Performance and Design D, ata

Operational Limitations and Restrictions

S/C Attitude Change

Telemetry Measurements

Service Propulsion System (SPS)

Functional De sc r iption

Major Component/Subsystem Description

Pressurization Subsystem

Pr ope!lant Sub s y stem • •

Bipropellant Valve Assembly

Engine Injector

Ablative Combustion Chamber .

Nozzle Extension

Flight Combustion Stability Monitor FCSM}

SPS Electrical P,eaters

Thrust Mount Assemblies

Propellant Utilization and Gauging Subsystem (PUGS)

Performance and Design Data

Z.Z-41

2. Z-41

2. Z-45

g. 2-46

Z.3-1

2.3-i

2.3-3

Z.3-3

2.3-7

Z.3-8

2.3-4Z

Z. 3-44

Z. 3-45

Z. 3-48

2,3-51

Z. 3-53

Z. 3--53

2.3-54

2.3-56

2.3-57

2.3-57

Z. 3-61

Z. 3-65

2.3-66

Z. 3-67

2.3-67

Z. 3-67

2.3-67

2.3-71

2.4-1

2.4-I

Z.4-Z

Z,4-Z

Z.4-6

Z.4-7

2.4-9

Z.4-9

Z.4-9

2.4-9

Z.4-11

Z.4-11

2.4-18

2.4-30

g

• I
?,,,',-:_,n Basic Date 12 Nov 1966 Change Date Page iv I
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2.4.3.1

2.4.3.2

2.4.3.3

2.4.3.4

2.4.4

2.4.5

2.5

2.5.1

2.5. Z

Z.5.3

Z.5.3. 1

2.5.3.2

2.5.3,3

2,5.3.4

Z.5.3.5

2.5.4

Z.5.4, 1

2.5.4.2

2.5.4.3

Z.5.4.4

2.5.5

2.5.6

Z.5.7

2.5.8

Z.5.8. 1

2.5.8.2

Z. 5.8.3

2.5.8.4

2.5.9

2.5.9.1

2.5.9.2

Z.5.9.3

2.5.10

2.5. 10.1

2.5.11

2.6

Z.6.1

2.6.2
2.6.2.1

2.6.2.2

2.6.2.3

Z.6.2.4

2.6.3

2.6.3.1

2.6.3.2

2.6.3.3

2.6.3.4

Title

Design Data

Performance Data

Power Consumption Data

SPS Electrical Power Distribution

Operational Limitations and Restrictions

Telemetry Measurements . •

Reaction Control System (RCS)

Introduction

S/M RCS Functional Description

S/M RCS Major Con_ponent/Subsystem Description

Pressurization Subsyste:n

Propellant Subsystem • • •

Engine Assemblies

Pressure Versus Temperature Measuring System

Engine Thrusting Logic

S/M RCS Performance and Design Data

Design Data

Performance Data

Power Cons_rnption Data S/M RCS and C/M RCS

S/M RCS Electrical Power Distribution

S/M RCS Operational Limitations and Restrictions

S/M RCS Telemetry Measurements

C/M RCS Functional Description

C/M RCS Major Components/Subsystem Description

Pressurization Subsysten_

Propellant Subsy s%e:n

Engine Assembly

Propellant Jettison

C/M RCS Performance and Design Data

Design Data

Performance Data . •

Power Consumption Data

C/M RCS Operational Limitations and Restrictions

C/M RCS Electrical Power Distribution

C/ivl RCS Telemetry Measurements

Electrical Power System (EPS)

Introduction

Functional De s c r iption

Energy Storage

Power Generation

Power Conversion

Power Distribution

Major Component/Subsystem Description.

Cryogenic Storage •

Batteries .

Fuel Ceil Power Plants

Inverters

Page

2.4-30

2.4-33

2.4-33

2.4-35

2, 4-35

2.4-35

2.5-I

2.5-,i

2.5-1

Z.5-4

2.5-7

Z. 5-3

2.5-_

2.5-13

2.5-15

2.5-16

2.5-16

2, 5-18

2.5-18

Z. 5-19

2.5-19

2.5-19

2.5-23

2.5-24

Z. 5-27

Z. 5-Z8

Z. 5-30

2.5-34

2.5-39

Z. 5-39

2.5-4]

Z. 5-41

Z, 5-41

Z. 5-41

Z. 5-41

2.6-i

2.6-I

2.6-I

2.6-i

2.6-2

2.6-2

2.6-2

2.6-5

2.6-5

2.6-6

2.6-12

2.6-17
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Z.6.3.5

2.6.3.6

2.6.4

2.6.4.1

2.6.4. Z

2.6.5

2.6.5.1

2.6.5. Z

2.6.6

2.7

2.7.1

2.7.2

2.7.3

Z.7.3.1

2.7.3.2

Z.7.3.3

2.7.3.4

2.7.3.5

Z.7.3.6

2.7.3.7

2.7.4

2.7.4.1

2.7.4. Z

2.7.4.3

2.7.4.4

2.7.4.5

2.7.4.6

2.7.4.7

2.7.4.8

2.7.5

2.7.5.1

2.7.5. Z

Z.7.5.3

2.7.5.4

2.7.5.5

2.7.6

2.8

2.8.1

2.8.2

2.8.2.1

2.8.2.2

2.8.2.3

2.8.2.4

2.8.3

2.8.3.1

2.8.3.2

Title

Battery Charger

Power Distribution

Performance and Design Data

AC and DC Data

Power Requirements

Operational Limitations and Restrictions

Fuel Cell Power Plants

Cryogenic Storage Subsystem

Telemetry Measurements

Environmental Control System (ECS)

Introduction

Functional Description •

Major Coraponent/Su.bsystena Description

Oxygen Supply Subsystem

Pressure Suit Circuit Subsystem

Cabin Pressure and Temperature Control Subsystem .

Water--Glycol Coolant Subsystem

Water Supply Subsystem

ECS-Waste Management System Interface

Electrical Power Distribution

Performance and Design Data

Metabolic Data

Oxygen Supply Subsystem

Pressure Suit Circuit Subsystem

Cabin Pressure and Temperature Control

Subsystem •

Water-Glycol Coolant Subsystem

Water Supply Subsystem

Waste Management System

ECS Power Consumption Data

Operational Limitations and Restrictions

ECS Caution Placards

ECS Caution Notes

ECS General Data

Cabin Depressurization Rates

Cabin Repressurization Rates •

Telemetry Measurements

Telecommunication System

Introduction

Functional Description

Voice Conamunications

Data Operations

Tracking and Ranging

Unified S-Band Operations

Major Connponent/Subsystem Description

Instrumentation Equipment Group

_V'oice and Data Equipment Group

Page

z.6-2z

z.6.-z5

Z. 6-30

2.6-30

Z. 6-34

2.6-36

2.6-36

2,6-38

Z. 6-39

2.7-I

Z.7-I

2.7-Z

Z. 7-3

Z.7-3

2.7-7

2.7-13

2.7-17

Z. 7-24

Z. 7-26

2.7-28

Z. 7-31

Z.7-31

Z. 7-31

Z. 7-32

Z.7-32

2.7-32

Z. 7-33

Z. 7-33

2.7-33

2.7-38

2.7-38

2.7-38

Z. 7-39

Z. 7-39

2.7-39

Z. 7-44

Z.8-1

2.8-I

2.8-2

2.8-2

2.8-6

2.8-10

2.8-12

2.8-.13

2.8-14

2.8-17

E
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I

I
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2.8.3.3

2.8.3.4

2.8.3.5

2.8.4

.2.8.5 '

2.8.5.1

2.8.5.2

2.8.5.3

2.8.5.4

Z.8.6

2.9

Z.9.1

2.9.2

2.9.Z.I

2.9.2.2

2.9.2.3

2.9.2.4

2.9.3

2.9.3.1

2.9.3.2

2.9.3.3

2.9.3.4

2.9.4

Z.9.4. 1

2.9.5

2.9.6

Z. lO

2. 10. I

2. I0.2

2.10.3

2.10.3.1

2.10.4

3.10.4.1

2.10.5

2.10.5. 1

2. I0.6

Z. ll

Z. ll.1

Z.!l.2

Z.11.3

2. i1.4

2.11.5

2.11.5.1

2.11..6

Z. ll.6.1

Title

RF Electronics Equip_nent Group

Antenna Equipment Group .

Electrical Power Distribution

Perfomnance and Design Data

Operational Limitations and Restrictions

Antennas

Data Storage Equipment

Unified S-Band System

General

Telemetry Measurements

Sequential Systems

Introduction

Function al De sc r iption

Sequential Events Control System (SECS)

Emergency Detection System

Launch Escape System

Earth Landing Systern

Major Cornponent/Subsystern Description

Sequential Events Control Systen_

Emergency Detection System

Launch EscapeSysten_

Earth Landing Subsyste_T_

Performance and Design Data

Power Requirements

Operational Limitations and Restrictions

Telemetry Measurements

Caution and Warning System (C&WS)

Introduction •

Functional Description

Major Component/Subsi"stern Description

Electrical Power Distribution..

Performance and Design Data

C&WS Power Consumption Data

Operational Limitations and Restrictions

C&WS General Data

Telemetry Measurements

Miscellaneous Systems Data

Introduction

Clocks

Digital Event Timers .

Accelerometer (G-Meter) .

Command Module interior-Lighting

Functional Description

Cm:nmand Module Uprighting System

Functional Description

Page,

2.8-42

2.8-37

2.8-62

z. s-_z
2.8-67

2.8-'6 7

2.8-_7

2.8-68

2.8-62

2.8-69

2.9-I

2.9-!

2.9-1

3.9-i

2.9-4

2.9-10

Z.9-1!

2.9-14

Z.9-14

2.9-34

2.9-32

2.9-33

2.9-33

2.9-33

3.9-3_%

2.9-36

2.].0--i

Z. i0-!

2.10-I

Z. 10--3

2. I0-3

2. 10-3

Z. 10-3

Z.,i0-3

2. i0-3

Z. !0-10

2.11-I

2. i]-!

2. 1!--!

2.!i-i

Z. 11-i

2.1!-t

2.11-Z
o..1i-2

2.1]-2

3 CONTROLS AND DISPLAYS . 3-1

3. 1 Controls/Displays Locator Index

:_ .q_ }di. ssioc-' Basic Date ].Z Nov I_..66 Change Date Page vii
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1.1.1

SECTION 1

GENERAL INFORMATION

IN T RODU C TION.

This section contains infdrn_ation relating to the A'po]lo spacecraft OhZ

configuration, and a description of tiae launch vehicle and booster used for

the mission.

SPACECI<AFT 0 IZ CONFIGURATION.

Spacecraft 01Z (figure ]-i) conforms to a Block I CSM configuration

consisting of a launch escape system (LES) as-sembly, comn-.and module

(C/M), service "_nodule (S/M), and the spacecraft lunar excursion module

adapter (SLA). This spacecraft, designed for an earth orbital mission,

does not contain a lunar module (LM) within its adapter. (For a description

of the launch vehicle used with spacecraft 01Z, refer to paragraph ].2)

[_9_ The IBlock I configuration missions for the Apollo

program provide the following:

e Command module and service module development for

earth orbital missions

• Demonstration of systems operational capabilities

including all types of aborts, land and water recovery,

Saturn IB and Saturn V operation and capability, and

systems operation during earth orbit

Development of qualified teams for checkout, launch,

manned space flight network (MSFN), recovery, and

flight analysis.

LES ASSEMBLY.

The LES assembly (figure ]-i) provides the means for separating the

C/M from the ].aunch vehicle during pad or suborbital aborts. This assembly

consists of a Q-ball instrumentation assembly (nose. cone), ballast com-

partment, canard surfaces, p_tch control motor, tower jettison motor,

launch escape motor, a structural skirt, an open-frame tower, and a boost

protective cover (BPC). The structural skirt at the base of the housing,

which encloses the rocket motors, is secured to the upper portion of the tov.'er.

SPACECRA'ET 0 ] Z (_ONI:.... I£_U_J{ATION_
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The BPC (figure l-Z) is attached to the lower end of the tower to protect the

C/M from thermal heat during boost and from exhaust damage by the

launch escape and tower jettison motors. EXplosive nuts, one in each

tower well leg, secure the tower to the C/M structure. {For additional

information, refer to the sequential systems in section Z.)

1.1,Z COMMAND MODULE,

The C/M (figure i-3) forms the spacecraft control center, contains

necessary automatic and n_anual equipn_ent to control and monitor the

spacecraft systems, and contains the required equipnlent for safety and

conform of the crew. The module is an irregular-shaped, primary

structure encompassed by three heat shields (coated with ablative material

and joined or fastened to the primary structurei forrning a conical-exterior

shape. The C/M consists of a forward compartment, a crew compartment,

and an aft compartment.

FORWARD BOOST COVER
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8" DIA

Wl_

COVER

SPLIT LINE

RCS ROLL
MOTOR PORTS
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_,ONEYCOMB/ t CORED-LAMINA1 ED
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COVER SEAL _ 0.3' THICK CORK ABLATOR

H[_ERGLASS RING/)/ _' _
C/M HEAT SHIELD ABLATOR

ENTRY

HATCH

BOOST

COVER
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'AM,

SM-2A-I031

Figure I-Z. _oost Protective Cover
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1.1.2.2
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1.1,g,4

]_'orward Compartment.

The forward compartment (figure 1-3) is the area outsidie the forward

access tunnel, forward of the crew compart.,nent forward bulkhead and is

covered by the forward heat shield. Four 90-degree segments around the

perimeter of the tunnel contain the recovery equipment, two negative-pitch

reaction control system engines, and the forward heat shield release

mechanism. Most of the equipment in the forward compartment consists

of earth landing (recovery) system components.

The forward heat shield, or apex cover, is made of brazed stainless-

steel honeycomb and covered with ablative material, it contains four

recessed fittings which permit the launch escape tower to be attached to the

C/M inner structure. Jettison thrusters separate the apex cover from the

C/M after entry or after the launch escape assembly is separated during

an abort. (For additional information, refer to the sequential systems in

section Z. )

• Crew Compartment.

The crew compartment or inner structure (figure 1-3) is a sealed

cabin with pressurization maintained by the environmental control system

(_CS). The compartment, protected by a heat shield, contains controls and

displays for operation of the spacecraft and spacecraft systems; contains

mechanical adjustments for the crew couches, restraint harness assem..

blies, hatch covers, window shades, etc.; and is provided with crew

equipment, food and water, waste management provisions, survival equip-

merit, and scientific experiments equipment. Access ha_c1_es, obse__.vatio_

windows, and equipment bays are attached as part of the compartment structure.

The crew compartment heat shield, like the apex cover, is made of

brazed stainless-steel honeycomb and covered with ablative mater_al. This

heat shield, or outer structure, contains the S/C umbilical connector outlet,

ablative plugs, and a copper heat sink for the optical sighting ports in the

lower equipment bay, two side observation windows, two forward viewiz,_g

windows, and the outer cover for the side access hatch which also con.rains

an observation window.

S/C Controls and Displays.

Information relating to controls and displays for operation of the

spacecraft and its systems is provided in section 3.

C/M Mechanical Controls.

Mechanical controls (figure 1-4) are provided in the crew compart-

ment for manual operation of the crew couch assembly, side access hatch

covers, forward access hatch cover, and manual override levers for the
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Figure 1-4, CIM Mechanical Controls (Sheet i of 3)
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ECS cabin pressure regulator. Tools for opening or securing the hatch

covers are in the stowage area under the work table in the lower equipment

bay; the tools are components of the in-flight tool kit.

Crew Couch Controls.

Crew couch manual controls for each headrest, armrest, and seat pan

assembly are provided for individual, crew comfort. The crew couch

assembly can also be manually adjusted for crew positioning during simu-

lated dockh_g maneuvers, crew convenience in getting in and out of the

couches, and crew access to all equipment bays in the C/_X/[. (For additional

information, refer to crew couch assembly in section 6.)

Couch Attenuation Struts.

attenuation struts are provided for connecting the crew couches

Eight " eI-5.) Each strut is capable oftO the C/M inner structure. (See flgUrre t tl_rough crushable aluminum
absorbing energy at a predetermine

+X

X-X
FOOT STRUTS

+Y

/ 4ATCH

HEAl)
RUTS

-Z

-Z STRUTS

y-y STRUTS_

-X

BEARING PLATE
ST-625A {,+ }

1_igUre 1-5. Internal Attenuation System
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honeyco,-nb cores conlained within the strut cylinders. In effect, the strut

pisto,_ action during C/NI in, pact absorbs energy that the crew is not capable ,

of absorbing.

Two Y-Y axis struts are located at the outer extremities of the couch

assembly at the hip beam. The cylinder end of eack strut is firmly attached
to the unitized couch while the piston end, containin_ a flat circular foot,

reacts against a flat bearing plate (attenuation panel) attached to the structure.

Two Z-Z axis struts are attached to the main couch bean, s under the"

unitized backrest and the aft bulkhead of the structure, just below the side

access hatch. In addition to the crushable cores within the struts, friction'

brake snubbers are provided on the end of the pistons for additional breaki_{g

action. D_.ring a con-_pression stroke or initial tension load, these friction

brakes act in conjunction with the inner pistons which simultaneousi',- crush

the cylinder inner cores. Additional tension loads are absorbed by a conch]-
nation of the outer and inner friction mechanis'ms which continue the

crushing action of the cylinder cores.

Four X-X axis struts are attached to the forward C/M structure and

the beam extremities of the couch. These struts, except for the addition

of lockout mechanisms, are basically the ._san_e as the Z-Z axis struts. A

lockout mechanism, is provided on each strut to prevent any strut attenu-

ation prior to impact (during .normal ,:nission flight loads). Upon i'r_pact

the honeycomb core will be crushed, allowing the piston rod to stroke.

Crew Access Hatch Covers.

The C/M crew access hatch is provided with three covers (inner,

outer, and boost) and the necessary latching mechanisms for securing 'the

covers to the C/M. (See figure 1-4.) Latches for these covers can be

manually operated from either side of Cite hatch by a removable handcraqk

or torque wrench','ith a 7/i6-inch drive. The inner cover is equipped with

a sealed drive, a rack-drive bar, and six latches which engage fittings on

the C/M inner structure (to pre!oad the hatch for sealing). The outer cover

is equipped with beilcranks, rollers, and push-pull rods, an overcenter
lock, and 22 latches which engage fittings on the C/M outer structure. An

ablative screw-in plug is used to protect the outer driver shaft in the outer

hatch cover. This plug must be removedbefore a handcran_ can be inserted
into the drive shaft from outside the C/M. An emergency latch re_ease is

also provided for the outer hatch cover, but can only be operated by person-

nel outside the C/M during recovery procedures. The boost hatch cover is ,

also equipped with :nechanical components (including Z2 latches) for instal]lug
it flush with the boost protective cover. This hatch cover makes it possible

for the crew to get in and out of the S/C during prelaunch operations. A

ground support tool (Gi5-824105 handle) is used to remove (pull) the boost
cover from the outside the C/M. A plunger on the inside of the o<tter hatch

engages a latch drive push-plate to release the boost hatch cover frown
inside the C/M.

]-_orward Access Hatch Cover

The C/-M forward access hatch is provided with a cover that can be

operated fron_ either the inside or outside the crew compartment. (,¢;:_!side

operation is possible only after the launch escape system, boost protective
cover, a_d forward heat shield have been jettisoned. (See fig_re t-4.) A

breech-lock ',nethod is used to engage and rocate the cover in the forward

end of the tunnel ring. The internal pressure of the C/M will assist to

seal the hatch, cover by forcing it against its seat. A jackscrew (with a hex

SPACECRAFT 0 1Z CO.NFIGUIZATION
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socket at one end) is mounted on the cover and will bear against a bracket

on the tunnel wall. \Vhen turned by a handcrank or torque wrench with a

5/32-inch drive, the jackscrew will intend and allow the cover to be rotated

and removed. The cover is rotated by use of the inside handholds or the

outside by an item of GSE and can only be retrieved fronq within the crew

compartment end of the tunnel.

\Vindows and Shades.

Five windows are provided through the inner structure and heat shield

of the C/M: two forward viewing, two side observation, and the crew access

hatch windows. (See figure i-3.) During orbital flight, photographs of

external objects will be taken through the viewing and observation windows.

The inner windows (including the circular inner hatch window) are made of

ten_pered silica glass with 0. ZS-inch-thick double panes, separated by 0. i

inch of space, and have a softening temperature point of 2000°F. The outer

windows (including the square outer hatch window) are made of amorphous

fused silicon with a single 0. 7-inch-thick pane. Each pane contai,s an

antireflecting coating on the external surface, and has blue-red reflective

coating on the inner surface for filtering out most infrared and all ultraviolet

rays, a softening ternp'erature point of 2800°F, and a melting point of 31]0°F.

Shades are provided for controlling external light entering the C/M

through the triangular forward viewing windows, the square side observation

windows, and the circular inner hatch window. These shades, individually

designed for each window configuration, are made of n_ylar film which has

been heat-treated to roll up when not held flat. The shades are opaque for

zero light transmittal, have a nonrefiective inner aluminized surface, two

snap fasteners and fabric handles for attaching or removing from a partic-

ular window, and a 3/4-inch strip of Velcro hook material around the outer

surface for holding the shade against the Velcro p_le around the perimeter of

the window. If desired, a shade can be peeled back from the Velcro pile

material and stowed in place on one side of the window.

Cabin Pressure Controls.

Two control levers for manually operating the ECS cabin pressure

relief valves are located near the C/M left couch and left side window. (See

figure I-4.) These levers are provided as a mechanical override for open-

ing and closing the redundant sides of the automatic cabin pressure regulator.

(For additional information, refer to the environmental control system in

section 2.)

Crew Equipment and Ecj_ipment Bays.

Each crewmember has personal and accessory equipment provided for

his use in the crew compartment. Major items of personal equipn_ent con-

sist of a pressure garment assembly (PGA) with attaching hose and

umbilical, a communications assembly, a constant-wear garment, bio-

medical sensors, and radiation dosi_-neters. Major items of accessory

equiprnent shared by the crew consist of an in-flight tool set and a n_edical

kit. {For a detailed list of crew equipment, refer to section 6.) (Specific

items contained in the C/Mequip_-mentand storage bays are listed in figure 1-6.)

i
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R D  EQUIPIdENT BAY (RHFEBI A N D  RIGHT-HAND EQUIPMENT Bk'l' (R l iEB)  

18 Crew ottenuat ion I~NI (Z-Z oxis)  

19 %ore correcting copaci lcr  fuse b x  
20 C ~ r n ~ r t m e ~ t r  1, S and 2 (ref)  

21 Circui t  ii.terrupter 
22 Right crew much 
23 Crew ut lcnvnt ion slrut (Y-Y oxis) 
24 Side shock ~ t t c n u s t i o n  p n c l r  

25 Worts storage in le t  (oo bulkhead) 
26 Stowed fecol conir tcr [rcf) 
27 h n i t o t i o n  suppiy stowage 
28 Scient i f ic cqvipnenl ccmmrtment E 
29 h l l e i y  charger (ref) 

-.-- --- 
AFC EQUIPMENT STOWAGE BAY (AESB) -- ----A 

1 htter,  char91 r 
2 C 0 2  alnor'ver conlainee 
3 P/w h l l e r i e r  und c i r cu i t  bw3La- panill 

4 Fecol crrnirter (stc~.vod) 
5 TV lcm j tomge . 
6 CO? absorber conraincrs (4) 
7 Pen lights cornpartrnenf Z 
8 C 0 2  aSrorber confuinerr (6) 
9 Cornporlmei,t Y 

10 Comportrncnt T 
11 Compartment 5 
12 PGA on6 r lvep restraint rtowuge bag 
13 Crcw occess hatch (ref) 
14 PGA helmet, coinm m f t  hat. l i sh l  wt hmdscf rlou,qse 

I5 B u l k h ~ d  wircwoys ( typical)  
16  Spcesu i t  (2), l i f e  vc$t (3), sleeping rcl t roint  (1) l towaac bog 

17 ~ i l l c w u y  (urder contcr c w c ! , )  

18 F e m l  c ~ n i r t c r  (urng* p6s14ion) 
19 Electr ical  i n v o r e o  
20 AC pmcr box 
21 Spacecmft stomgo boltcr ier 

F i g u r e  1-6.  C / M  Equipment and Stowage Bays 

-- --.- -.- 
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;,N lw,e pclrlr storage 
y o n l  ond telcsape c w p " n e ~  t (ref) 

-w attenuation :!rut (X-X ox i i )  
>,thing stomse cmar tment  

r l io l  -neesuremen1 unit (ref) 
t crew coach (ottenualed) 
ygen control pailel 
dicol kbt (Ieh couch) 

r e shock ottenuolm-n pne ls  (removcble) 
cesutl stowage bog ond scienlofic equipnent stowage (ref) 

> vaIvcs I i oxygen, wotor, ond glycol equapmeimt 

. . 

E!SI4?-KAl.:3 f 

I COz ab5orLer ccntoir. 
2 Worle rnoncgcmcnt I)% 

3 C M ~ P U ~ C ~  
4 Vocuurn cleaner co-7. 
5 IMU comprtment (ref, 
6 hbdicol accessoris ki 
7 Sextant ard telqc- 
8 Food rlowoge 
9 Sunivol p:oviriau 
I0 RCS pitch eonlrot eng: 

I I W carnero mount 
12 Sidc consolc pne!, Iri 
13 R e d e ~ v w s  w i d o w  h 
14 Inner hatch clver 
15 16 Side Ouler window holch cover 

3 ~utiEri n,,, I rn,, LVCII "I I IIZE;YT BAY K C ;  

I ECS conlpnenls (ref) 
2 Spacervil rlowoge k g  ond scientific equipment rtowoge (ni) 
3 Gas cl,nmologroph 
4 Flight q;olificolion t o p  recorder 
5 Scientific equipment comportment k 
6 Display/~llitudc gyro-accelerancter (ECA) 
7 Food rtomge (5 contoincn) 
8 Atl i ludc gyro ard occelerrmeler 

9 Pate gym 
10 Cavpling ond dirploy panel 
1 1  Sr connector panel ond electrical connector (ref) 

12 Cabin oir recirculotirx, fan (ref) 
13 l M U  controi panel 

28 Signal wndil ioning equipmen1 
29 VHF rnuitiplcxer 
30 Data wiring 
31 Fremodulotion pmccsror 
32 VllF recovery bcocon o d  VHF-AM tmnsrnilterrcceiver 
33 Audio center 
34 Ccntrol t h i n g  
35 TV c p t i u  stomge (r?f) 
36 Pulle-codemodulation (PCM) unit 2 lelemelry cquipnenl 

37 VHF-FM tra~srni l tcr and HF transceiver 

38 Pulse-code rnodulotion (PCM)unit I tclemctry cquipnent 
39 S~ ien l i l i c  equiwnent comportment C 
40 S-hnd power amplifier 

14 Lighting control 41 C-bond tronrponder 
15 F o m e d  occrrr hatch cover [rcf) 42 C 0 2  abrorkr  container (ref) 
16 Pmflonding ECS oir w t l c t  duct 43 Focd owl work tablc ( in-f l igit  loo1 set) 
17 Poshonding ECS power cable 44 Di(iifol up-doto l ink 
18 Forwad access hotch (ref) 45 Unified S-bnd equipr,,cnt 
19 Scxtont telercope eyepiece stov,oge 46 Fccol conirter @ositioned) 
20 Sextont ond lelcrcope p n e l  47 Seicnliiic equipr-ent Fornprtrnenl 8 ' 
21 Computer dlrploy ond control panel 48 Roll channcl ECA 
22 GbN control pone1 {MU 49 Data pekoge eontoiner (olro on oulboad couch Ceonis) 
23 Survival provisions (ref) 50 GbN cmputer 
24 Ciinic.l monitoring ~nrtrument set comwrfment 51 Pitch chonncl tCA 
25 Power rcrro nrten*Lly (PSA) 52 Auxiliary ECA 
26 Data storoge cqvipnenl 5.3 Yaw chamel ECA 

27 Toviel rterogc 



1 Optics rnmud 
2 LEE l i~ lh f ing  control panel 
3 F w d  recomfitution drv ics  
4 P~sllcnding ECS ~ i r  ovtlet duct 
5 i onran i  access hotch rovcr 

6 Por1lond;ng LCS o:r inlet dact 
7 Woter dolivery volvu 
8 Wotcr delivery unit 

9 Main display console (MDC panels 
1 thraujl- 26) 

10 Clew access halch actuator 
(inncr cover) 

1 I Crew access hatcl> inner w i d o w  

12 Fowod vierring a! rcndezvovr 
wind& (2 placcs) 

13 Site window (2 placer) 
14 TV cancro (lovnch cnd cntry) 
15 Scrvival prorisi~ns 
16 TV cornera mount (optional) 
17 Mearuremer.l sy$:ern inrtrvrnenlalion 
18 A p l l o  gu id~nce ccmpvter novigotio-ol 

display kcr lmrd  

------- 
LEFT-HAND fO2KARD LQl'l FhlFhT B:.'l. ,'.-;;: 

--...-- --,- 

1 Inner lbolch coier 
2 Outer h o ~ c h  coder ! 
3 Side w:r.dow 
4 Rcndezvrur window holri-3 
5 Side cornale p o n d ;  ( [cfr )  

I 
! 

6 &in display conrole {re() 
7 Ccmds w i t  connector poncl 2nd cle:tri;cl csnrrca; :  
8 Sr pijot w i t  connector ~ 4 . ~ 1  cnd r!e--.nr:cd ccnlc;r> 

9 Pilot suit ccnr.cc!or xrne! e ~ l r ; c a I  mn:fchr 

10 Sc i rn t i f ;~  erjuivrcsnl c c . r y , * n c r r  5) 
I I Cabin o i r  r c c i r c v l ~ t i o ~  fG:, 

12 Fonvad occeli hot;h or cgrcfi tunnel jrci: 

I i 
19 Pc>tlcdir.g ECS oir inlcl JUCI (ex:erd.d) 
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Food and Water.

Food and water provisions, including water delivery and food prepara-

tion equipment, are available in the crew compartment LHEB and LEB_

(figure i-6) for the length of the mission. Food may be prepared _,

by adding water to plastic bags containing the dehydrated food and kneading

the mixture. Prepared food can be squeezed directly into the mouth, of an

astronaut. Hot or cold water is available at the potable water supply panel

for food reconstitution. Chilled drinking water is supplied to the crew throug,h

a flexible hose from the water delivery unit. The potable water is a

by-product of the f2PS fuel ceils,

' \Vaste Management.

Waste rnanagemen1 provisions in the crew compartment RtlFEB and

AESB (figure 1-6) consist of equipment for collecting, sterilizing, and

storing human feeaI matter and personal hygiene wastes (such as used

cleansing pads, towels, etc.). Fecal matter and personal, hygiene wastes

are collected in polyethylene bags, disinfected, and stored in a vented area.

Urine is expelled overboard into space,

Survival Equipment.

The survival kits stowed in the crew compartmentRHFEB (figure 11-6)

are available for the postlanding phase of the mission (land or water). The

nnajor items contained in each kit include 6 pounds of water, a desa]ter !dr,

a one-man life raft, radio transceiver, portable light, sunglasses, and a

machete. Life vests worn by the crew during lift-off and entry are stowed

inthe space suit stowage bag during the orbit phase of the mission, (See

figure 1-6.)

Aft Compartment.

The aft compartment (figure 1-3) is the area encompassed by the aft

portion of the crew compartment heat shield, aft heat shield, and aft portion

of the primary structure. This compartment contains 10 reaction control

engines, an impact attenuation structure, instrumentation, and storage tanks

for water, fuel, oxidizer, and gaseous helium. (Four crushable ribs, along

the S/C -Z axis, are provided as part of the impact attenuation structure to

absorb energy during a land impact. )

The aft heat shield, which encloses the large end of the C/M, is a

shallow spherically contoured assembly. It is made of the same type of

ma£erials as other C/M heat shields. I-_owever, the ablative material on

this heat shield has a greater thickness for the dissipation of heat during

entry. External provisions are made on this heat shield for connecting the

C/M to the S/hi.
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SERVICE MODULE.

The S/M is a cylindrical structure formed by l-inch-thick aluminum

honeycomb panels. Radial beams, from milled aluminum alloy plates,

separate the structure interior into six unequal sectors around a circular

center section. (See figure i-7. ) Equipment contained within the service

module is accessible through maintenance doors located strategically around

the exterior surface of the module. Specific items, such as flight control

system (SPS and RCS) and most of the S/C on-board consumables (and

storage tanks) contained in the S/M compartments, are listed in figure i-7.

Radial beam trusses on the forward portion of the S/M structure

(figure i-7) provide a means for securing the C/M to the S/M. Alternate

beams, one, three, arid five, have compression pads for supporting the C/M.

Beams two, four, and six, have shear-compression pads, and tension ties.

A fiat center section in each tension tie incorporates redundant explosive

charges for S/M-C/M separation. These beams and. separation devices are

enclosed within a fairing (Z6 inches high and 13 feet in diameter) betv.,een the

C/M and S/M.

SPACECRAFT LEM ADAPTER.

The spacecraft LEM adapter (SLA) is a truncated cone which connects

the CSM to the S-IVY3 instrument unit on the launch vehicle. (See figure I--I. )

This adapter, constructed of eight Z-inch-thick aluminum panels, is 154inches

in diameter at the forward end (C/M interf-_ce) arid Z60 inches at the aft end.

Separation of the spacecraft from the SEA is accomplished by means of

explosive charges which permit the four SLA forward pa{_els (above

station 583. 3) to disengage from the CSM and rotate outward 45 degrees from

vertical. The four aft panels remain attached to the S-IV]3 instrument unit.

For mission Z04A_ a cross-shaped stiffen(r is installed within the SLA in

place of a LEM. The S/M SPS nozzle extends into the SILA which also houses

an umbilical cable for connecting cb:c'.its b-t_._een the launch vehicle and the

spacecraft.

SPACECRAFT SYSTEMS.

Data relating to the operational spacecraft systems and interface

information are presented in section g of this handbook.

LAUNCH VEHICLE CONFIGURATION.

A two-stage Saturn IB launch vehicle, consisting of an S-I]3 booster and

an S-IVB second stage, is scheduled to provide the required thrust for

inserting S/C 01Z into orbit (figure i-8.) An instrumentation unit, located

between the S-IV].% and the SEA, controls each of the two boost stages during

flight. The total length of the Saturn IB launch vehicle, including the space.-

craft, is approximately 224 feet. An emergency detection system sequencer

display panel, in the C/M, enables the crew tomonitorlaunchvehicleengine

performance during lift-off. (Refer to the sequential systems in section 2.)

:i SI--_,CECR±_FT 012 CONFIGURATION---LAUNCH VEHICLE CONFIGURATION
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S-IB BOOSTER,

The S-IB booster (first stage) for Saturn IB is manufactured by the

Chrysler Corporation. This booster is 257 inches in diamater, 82 feet, in

length, and is powered by eight Rocketdyne H-l engines. Each engine,

burning RP-i and liquid oxygen, produces 200,000 pounds of thrust for a

total stage thrust over l, 600,000 pounds.

S-IVB SECOND STAGE.

The S-IVB second stage for Saturn IB is manufactured by the Douglas

Aircraft Company. This stage is 260 inches in diameter, 58 feet in length,

and is powered by a single Rocketdyne J-2 engine. The engine, burning

liquid hydrogen and oxygen, produces a" stage thrust of approximately

Z00,000 pounds. During flight, the J-2 engine uses three different mixture

ratios, resulting in values of thrust ranging from 190,000 to 230,000 pounds.

MISSION 204A WEIGHT STATUS.

_'_ The NA<A-MSC is responsible for providing a

detailed weight status for Apollo mission 204A as

available in the MSC Reference Trajectory Document.

POSTLANDING AND RECOVERY.

Information relating to postlanding recovery aids is provided under

sequential systems in section 2, Postlanding ventilation for the crew is

supplied through two vent valves in the forward access hatch cover. (See

figure i-4.) A handpump and flexible hose, stored under the right crew

couch (figure ]-6), is used to obtain water from the sea for conversion to

potable water. (Refer to crew equipment in section 6.) An Apollo Recovery

Operations Handbook w-ill provide a detailed description of recovery equip-

ment and rescue procedures.

LAUNCH VEHICLE CONFIGURAFION---XiISS!ON 204A IVEIGHT STATUS---

POSTLANDING AND RECOVERY
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SECTION 2

SYSTEMS DATA

INTRODUCTION.

Systems data include description of operations, cornponent descrip-

tion and design data, operational limitations and restrictions, and telemetry

1-neasurements. Subsection 2. l describes the overall spacecraft navigation,

guidance, and control requirements and the resultant systems interface.

Subsections 2. 2 through 2. lO present data grouped b_F spacecraft systems,

arranged in the followi_:g order: guidance and navigation, stabilizatiou and

control, service propulsion, reaction control, electrical power, environ-

mental control, te]eco_-n_unications, sequential, and cautions and warnings.

Subsection 2. ii dea]s v.ith miscellaneous systems data.

:_:i!_ [_"'_ Mission Basic Date 1Z Nov 1966 Chan[e Date Page 2-1/Z._
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SECTION 2

SUBSECTION Z. i

GUIDANCE AND CONTROL

SYSTEMS INTERFACE GUIDANCE AND CONTROL.

Apollo CSM atmospheric and space flight is achieved by appl_cation of

controlled translation forces and rotational force moments. Guidance and

control initiates and terminates d_e thrust and rotational forces and force

moments as a function of the magn-'_tude of the change required. Guidapce

and control provides the following basic functions:

Attitude Control

o Guidance

Navigation

Attitude control is a function assoc.{ated with spacecraft orientation

with respect to an inertial reference or a known coordinate system.

Guidance is a function requiring a combination of attitude control with rate

stabilization and stccring commands for the purpose'of rnod_fyiag space-

craft trajectory via major velocity changes. Navigation determines

spacecraft position and velocity, and predicts future position.

To accomplish mission requirements, the. guidance a..ndnavigation,

stabilization and control, service propulsion, and reaction control systems,

plus the astronauts, are integrated into an automatic/manual closed loop

control system.

Guidance and control activity is grouped into three profiles of flight:

coasting, powered, and atmospheric. The primary control loops involved

are illustrated in figures 2. 1-1 through 2. 1-4. Figure 2. 1-1 is an

abbreviated integration of all major equipments necessary to accomplish

the activitie_ in all three flight profiles. Figures 2. 1-2 through 2. 1-4

divide the equipment into the proper perspective for each profile.

It must me noted that in figure 2. l-l, the loops are closed that

represent coasting flight (CF) functions. For pov,'ered flight (PF) or

atmospheric flight (AF), open the coasting flight loops and close contacts

representing the desired loops.

COASTING FLIGHT

The guidance and control activities involved in coasting flight are

accomplished through the basic functional loops shown in figure 2. 1-2.

GUIDANCE AND CONTROL

':.__ li'-_ Mission Basic Date t2 Nov 19o6 Chauge D-at,_,_ ..... Page g. 1
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These loops provide attitude reference, attitude control, attitude hold, and

automatic and manual maneuver capabilities necessary to accomplish the

several tasks involved during coasting flight. They are also the central

reference and control loops required for all phases of flight.

A reference attitude frame is established by the G&N inertial meas-

urement unit (IMU), and/or by the SCS body-mounted attitude gyros

(BMAGs), and attitude gyro coupling unit (AGCU). Inertial sensors sense

S/C motion contrary to the reference frame. The sensed attitude errors

and rates are conditioned through servo electronics and logic to initiate

countermotions via the reaction jet control (RCS) which nullifies the original

motion. The AGC inserts automatic control and maneuver commands into

the loop. The rotation, translation, and attitude impulse controls insert

manual conqmands into the loop. The flight director attitude indicator

{FDAI) is the S/C attitude visual display.

POWERED FLIGHT.

Powered flight is considered that which will use the S/M service

propulsion system (SP.S) engine to initiate a major velocity change.

Figure Z. 1-3 illustrates those basic loops necessary for the tasks invo].ved.

As shown, the loops are an extension of those required for coasting flight.

Added, are the (SPS) engine on-off thrust logic and the SPS gimbat control

loops. In coasting flight, all attitude control is through the RCS. Powered

flight, by the SPS engine, requires roll control through the RCS, and pitch

and yaw contro] by gimbaling the SPS engine nozzle. Primary control of

thrusting is by the AGC. However, figure Z. 1-3 shows how various manual

controls can be used instead of or to backup automatic functions.

ATMOSPHERIC FLIGHT

Atmospheric flight is encountered during the entry phase of the

mission at which time the S/C experiences aerodynamic forces.

Figure Z. i-4 illustrates the basic loops required for control of the S/C

during this phase. The central loop is identical to that in figure Z. I-2.

The main difference is that service module/command n_.odule (S/M-C/M)

separation has taken p]ace, and the command module RCS system is used.

Another difference is that the aerodynamic forces will stabilize the C/M in

pitch and yaw, and the entry g-level (liftrecto-" control) will increase or

decrease through roll control. Primary control is automatic, with manual

rotation control available, in event Of automatic control malfunctions.

For detailed operation of the several loops involved in guidance and

control, refer to the descriptions of the guidance and navigation system,

subsection 2. 2, and the stabilization and control system, subsection Z. 3.

GUIDANCE AND CONTROL
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SECTION Z

SUBSECTION Z. Z

GUIDANCE AND NAVIGATION SYSTEM (G&N)

INTRODUCTION. , ,

The guidance and navigation (G&N) system measures spacecraft

attitude and velocity, determines trajectory, controls spacecraft attitude,

controls the, thrust vector of the service propulsion engine, and provides

abort inforn:ation and display data. Primary determination of the spacecraft

velocity and position, and computation of the trajectory parameters is

accomplished by the manned space flight network (MSFN).

The G&N systen: consists of three subsystems as follows:

G Inertial subsystem (ISS)

Computer subsystem (CSS)

• Optics s'ubsystem (OSS)

The inertial subsystem is con:posed of an inertial n'masurernent unit

(IMU), part of the power and servo assembly (PSA), part of the controls and

displays, and three inertial coupling display units (CI)Us). The IMU provides

an inertial reference with a gimbaled, three-degree-of-freedoln, gyro

stabilized stable'platform.

The computer subsystero, is composed of an Apo]!o g_._idance co_:pufer

(AGC), and two display and keyboard panels (DSKYs), which are part of the

controts and displays. The AGC is a digital computer which processes and

controls information to and from the IbfU and optics, and stores programs

and reference data.

The optics subsystem is composed of a scanning telescope (SCT), a

sextant (SXT), drive motors for positioning the SCT and SXT, parts of the

PSA, part of the controls and displays, and two optics CD'Us. The SCT and

SXT are used to determine the spacecraft position and attitude with relation

to stars and/or landmarks.

The three G&N subsystems are configured such that the CSS and OSS

may be operated independently. This allows continued use of the CSS and/or

OSS in the event of a malfunction in one of these subsystems or the ISS.

System power requirements and reference signals are provided by the poveer

and servo assembly (PSA). Major components of the syste:;q are located in

the command module lower equipment bay (figure Zo Z-l). Systenq circuit

breakers, caution and warning indicators, and one of the DSKYs are located

on the main display console.

FUNCTIONAL DESCRIPTION.

The guidance and navigation system provides capabilities for the

following:

• Inertial velocity and position (state vector) computation

o Optical and inertial navigation measure:nents

GUIDANCE AND NA'VIGATiON SYSTEM
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